Experimental infection of inbred strains of laboratory mice with murine herpesvirus 68 (MHV-68), a natural pathogen of wild rodents, results in acute productive infection of the lung followed by a latent infection of B lymphocytes. We have previously shown that MHV-68 encodes an open reading frame with similarity to poxvirus serpins, designated ORF1, and eight novel tRNA-like sequences. The latter are processed into mature, uncharged tRNAs and are abundantly expressed during both lytic and latent infection. In this study it is demonstrated that deletion of four of the tRNA-like sequences and ORF1 from the virus genome does not affect the ability of MHV-68 to replicate in vitro or to establish, and reactivate from, latency in vivo.
Murine herpesvirus 68 (MHV-68) is a natural pathogen of the wild murid rodent Clethrionemys glareolus (Blaskovic et al., 1980) which has been shown to be closely related to the gamma-2-herpesviruses typified by herpesvirus saimiri (HVS) and human herpesvirus 8 (Efstathiou et al., 1990 a, b ; McGeoch et al., 1995 ; Mackett et al., 1997 ; Virgin et al., 1997) . Experimental infection of inbred strains of mice results in acute productive infection of the lung followed by latent infection of B lymphocytes (Sunil-Chandra et al., 1992 a, b ; Usherwood et al., 1996) . However, latency in spleen has also been reported in mice deficient of mature B cells (Weck et al., 1996) and viral DNA has been reported to persist in an as yet unidentified cell type of the lungs (Usherwood et al., 1996) . In vitro, MHV-68 has been shown to be able to establish latency in murine B myeloma cell lines with viral genomes persisting in an episomal form (Sunil-Chandra et al., 1993) .
We have previously described the nucleotide sequence at the left-end of the MHV-68 genome and reported the identification of eight novel sequences with features of tRNAs, Author for correspondence : J. Pedro Simas.
Fax j44 1223 336926. e-mail jps!mole.bio. cam.ac.uk two unique open reading frames and an open reading frame, designated ORF1, with significant homology to poxvirus serpin-1 proteins (Bowden et al., 1997) . We have shown that the tRNA-like sequences are expressed to high levels during lytic infection and are processed into species resembling mature tRNAs, with post-transcriptionally added 3h CCA termini. Acidic Northern analysis, however, demonstrated that at least four of the tRNA-like sequences are not aminoacylated by aminoacyl-tRNA synthetases present in the lytically infected cell. Therefore, it is currently unclear what biological function they may fulfil. In situ hybridization analysis has shown that in addition to being expressed during acute replication these sequences are abundantly expressed within splenic germinal centres of latently infected mice (Bowden et al., 1997) , indicating a possible role in virus latency. ORF1 possesses amino acid sequence similarity to serpin-1 proteins of rabbitpox and vaccinia viruses (Bowden et al., 1997) ; however, the biological properties of this open reading frame and its role in pathogenesis are unknown.
In order to determine the role of both the tRNA-like sequence elements and ORF1 in latency, recombinant viruses V1 and V2 were generated using plasmid constructs pEHMV10 and pESMV10, containing lesions in tRNA3 and ORF1, respectively (Fig. 1 a) . pEHMV10 is a pBS-based plasmid containing the HindIII-EcoRI subclone (bp 1-1413) of HindIII E with MV10 inserted into the BglII site at bp 835, disrupting tRNA3. MV10 is a 4n1 kb HindIII cassette containing the lacZ gene driven by the human cytomegalovirus immediate early promoter, derived from pMV10 (Wilkinson & Akrigg, 1992) . pESMV10 is a pAT153-based plasmid (Twigg & Sherratt, 1980) with MV10 replacing the two internal PvuII fragments (bp 1924-3328) of the EcoRI-SalI subclone (bp 1466-4231) of HindIII E. This deletion removes all but the first two amino acids of ORF1 as well as downstream non-coding sequences. Nucleotide coordinates are from Bowden et al. (1997) . Recombinant viruses were generated by co-transfection of 3 µg of linearized plasmid (HindIII for pEHMV10 and SalI for pESMV10) with 10 µg of MHV-68 DNA extracted from Ficoll-purified virus into baby hamster kidney (BHK) cells by a CaCl # \DMSO boost method (Stow & Wilkie, 1976 days incubation at 37 mC, monolayers were harvested, sonicated, assayed on BHK cell monolayers and the blue : white plaque ratio was determined by X-Gal staining of fixed monolayers. Recombinant progeny were subsequently isolated by overlaying infected BHK cell monolayers with 1 % agarose in Glasgow's modified Eagle's medium (GMEM) containing XGal as described by Forrester et al. (1992) . ' Blue ' plaques were picked and subjected to three further rounds of plaque purification. The genetic structures of recombinant viruses were investigated by Southern blot hybridization (Fig. 1 a) However, the leftward 1n4 kb HindIII-EcoRI fragment is missing. A possible explanation for the absence of the 1n4 kb fragment is the insertion of vector sequences at the left-end of V2. Additional analysis using the vector pAT153 as a probe (lanes 9 and 10) demonstrates that vector sequences are incorporated into the virus terminal repeat ladder. The difference between the sizes of the smallest fragments in the EcoRI ladder (lane 9) and the BamHI ladder (lane 10) is approximately 0n7 kb, corresponding to an EcoRI-BamHI fragment containing tRNA5 depicted in the proposed V2 structure (Fig. 1 a) . Finally, hybridization of EcoRI-HindIII-cut wt (lane 11) and V2 (lane 12) DNAs with the 1n4 kb leftward subclone of HindIII E confirmed its absence from V2. Therefore, V2 has in effect two separate deletions, of tRNA-like sequences 1-4 and of ORF1, with maintenance of the intervening plasmid-derived ORF1 promoter and tRNA5. V2 was most likely derived from a single crossover event between linearized plasmid and MHV-68 genomic DNA, resulting in a linear intermediate containing the virus terminal repeats at the right terminus and DNA derived from pESMV10 at the left end. Circularization and subsequent DNA replication is predicted to restore the terminal repeats at each end of the virus genome in a manner similar to that described during the generation of HVS recombinants following single crossover recombination (Grassmann & Fleckenstein, 1989) . The recombinant viruses generated offered the opportunity to investigate the role played by both tRNA-like sequences 1-4 and ORF1 in virus latency. To this end the in vitro and in vivo phenotype of both viruses were investigated. The replication kinetics of both recombinants were determined by performing one-step growth curves in BHK cells. BHK cells were grown in GMEM supplemented with 10 % newborn calf serum and 10 % tryptose phosphate broth. BHK monolayers were infected at 5 p.f.u.\cell and, following a 1 h adsorption period, washed three times with GMEM, overlaid with complete medium and incubated at 37 mC. Duplicate dishes of cells were harvested at various time-points after infection and sonicated cell suspensions were assayed for infectious virus on BHK cell monolayers as previously described (Sunil-Chandra et al., 1992 b) . Both V1 and V2 replicated in BHK cells in a manner indistinguishable from the wt parental virus, indicating that ORF1 and four adjacent tRNA-like sequences are dispensable for in vitro replication (Fig. 2 a) . The ability of the recombinant viruses to establish a latent infection in the murine B myeloma cell line NS0 (Kohler & Milstein, 1976) was also investigated. NS0 cell cultures were maintained in Dulbecco's modified Eagle's medium containing 10 % foetal calf serum and infected at 10 p.f.u.\cell. For wt and each of the recombinant viruses, untreated and acyclovir-treated (25 µg\ml) cultures were established. At various time-points after infection, the presence of infectious or latent virus was assayed by direct plaque assay or infectious centre assay, respectively. The infectious centre assay was performed on BHK cell monolayers as previously described . Infectious centres could be detected for all three viruses in both acyclovir-treated and untreated cultures, with untreated cultures (Fig. 2 b) showing higher levels as a consequence of lytic virus replication within the persistently infected cell line (Sunil-Chandra et al., 1993) . Although at 21 days post-infection (p.i.) low-grade lytic infection could be detected in wt and V2 acyclovir-treated cultures, at 30 days p.i. no infectious virus could be detected in any of the treated cultures (Fig. 2 b) . In this experiment the decline of infectious centres in acyclovir-treated cultures was more pronounced than that previously reported by SunilChandra et al. (1993) . Nevertheless, the presence of infectious centres in the absence of detectable infectious virus as a result of acyclovir treatment is indicative of latent infection (SunilChandra et al., 1993) . Thus, both recombinant viruses were able to efficiently establish a persistent\latent infection in NS0 cells in a manner indistinguishable from the wt parental virus.
In order to examine the ability of recombinant viruses V1 and V2 to establish latency in vivo, 3-4-week-old female Open symbols denote infectious centres derived from cells cultured in the presence of acyclovir and closed symbols denote infectious centres derived from cells cultured without acyclovir. #, $, wt virus ; =, >, recombinant V1 ; and , , recombinant V2. The limit of detection of both assays was log 10 0n4 p.f.u./10 6 cells, represented by the dashed line. Note that no infectious virus could be detected for recombinant V1 at 21 days p.i. or for any of the viruses at 30 days p.i.
BALB\c mice (Harlan) under light metophane anaesthesia were inoculated intranasally with 20 µl PBS containing 4i10& p.f.u. of either MHV-68 wt, V1 or V2. At different time-points after infection, mice were sacrificed by intraperitoneal injection of sodium pentobarbitone and spleens were removed and put at 4 mC in RPMI 1640 with 20 % FCS for immediate processing for infectious centre assay. At 35 days p.i. splenic infectious centres, a functional measure of latency, were not significantly different between wt and recombinant viruses (Table 1) . No infectious virus could be detected in the spleens of latently infected animals sampled at various times p.i. (data not shown). Therefore, both recombinant viruses were able to reactivate from latency in a manner indistinguishable from the parental wt virus.
We have previously shown that although the MHV-68-encoded tRNA-like sequences are abundantly transcribed and correctly processed during lytic infection of BHK cells, they are not aminoacylated (Bowden et al., 1997) . We have also shown that these sequence elements are abundantly transcribed within splenic germinal centres of latently infected mice, therefore constituting a marker for latent infection.
The results presented here demonstrate that deletion of tRNA-like sequences 1-4 and ORF1 did not affect the ability of MHV-68 to establish and reactivate from latency. Furthermore, these sequence elements are also dispensable for efficient virus replication in vitro and reactivation from splenic B cells by explant cocultivation. The precise role of these sequences in the virus life cycle remains unclear. It is important to note that recombinant V2 retains tRNA-like sequence elements 5-8. The gammaherpesviruses Epstein-Barr virus and HVS encode distinct divergent families of latency-specific non-coding small RNA sequences at similar genomic loci. Their function is also unknown, but one or more can be disrupted without affecting the properties of the virus in vitro (Swaminathan et al., 1991 ; Murthy et al., 1989) . In vivo evaluation of MHV-68 recombinants lacking tRNA-like sequences 5-8 in addition to sequences 1-4 may help to determine the role of this class of genetic elements in gammaherpesvirus biology. In general, the ability to readily generate mutants of MHV-68 with specific gene disruptions offers the opportunity to further explore the role of virus-encoded gene products in gammaherpesvirus pathogenesis and latency in a small animal model.
